Growth and Gas Sensing Properties of Self-Assembled Chain-Like ZnO Nanostructures  by Galstyan, V. et al.
 Procedia Engineering  47 ( 2012 )  762 – 765 
1877-7058 © 2012 The Authors. Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the Symposium Cracoviense 
Sp. z.o.o.
doi: 10.1016/j.proeng.2012.09.259 
Proc. Eurosensors XXVI, September 9-12, 2012, Kraków, Poland 
Growth and Gas Sensing Properties of Self-Assembled  
Chain-Like ZnO Nanostructures 
V. Galstyana,*, E. Cominia, C. Barattoa, A. Ponzonia, G. Fagliaa,  E. Bontempib, 
M. Brisottob, G. Sberveglieria, W. Wlodarskic 
aSENSOR Lab, Department of Chemistry and Physics, University of Brescia and CNR-IDASC, Via Valotti 9, 25133 Brescia, Italy 
bINSTM and Chemistry for Technologies Laboratory, University of Brescia, Via Branze 28, 25133 Brescia, Italy 
cSchool of Electrical and Computer Systems Engineering, RMIT University,  
City Campus, GPO Box 2476V, Melbourne 3001, Victoria, Australia 
Abstract 
This work reports preparation of self-assembled chain-like ZnO nanostructures and investigation of 
their gas sensing properties. ZnO nanostructures of high density and homogeneity were obtained by 
electrochemical anodization method. The structures were prepared on stiff and flexible substrates. Gas 
sensing properties of obtained structures have been tested in a wide range of operating temperatures and 
towards different gases.  
 
© 2012 Published by Elsevier Ltd. 
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1. Introduction 
Wide band-gap semiconducting metal oxides such as ZnO, SnO2, TiO2, WO3 are very attractive materials 
for detection of explosive, hazardous and toxic gases due to changes in conductance of these materials 
when oxidizing or reducing species in air chemisorbs onto their surface [1-4]. Gas sensors based on metal 
oxide materials are one of the most investigated sensors because of their low cost and production 
flexibility. Among these materials ZnO a wide direct bandgap (3.37 eV) semiconductor endowed with a 
large exciton binding energy of 60 meV has been considered as a promising material for gas sensors [5, 
6]. Many preparation techniques have been developed for the production of ZnO nanostructures in a wide 
range of morphologies in order to improve the properties of the structures [7, 8]. In this work we have 
demonstrated that we can obtain chain-like ZnO nanostructures by electrochemical anodization either on 
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flexible or on stiff substrates.  Gas sensing properties towards ethanol, acetone, carbon monoxide and 
nitrogen dioxide were investigated. 
2. Experimental 
Zn thin films were deposited on alumina, silicon and flexible polymeric (Kapton HN) substrates by 
means of RF magnetron sputtering. The pressure in the sputtering chamber was 4.3-3 x10-3 mbar and 
sputtering power was 50 W during deposition. The substrate was not intentionally heated and the 
deposition time was 35-50 minutes. Depending on sputtering regimes, the thickness of the Zn layer was 
changed from 700 nm to 5 ȝm. ZnO nanostructures were obtained by electrochemical anodization of Zn 
thin layers deposited onto different substrates. Electrochemical anodization was carried out in two-
electrode system at room temperature by potentiostatic mode. The applied voltage was in the range 15-80 
V. A platinum foil was used as a counter electrode. 0.5-2 M oxalic acid dihydrate (C2H2O4ຘ2H2O) in 
ethanol was used as an electrolyte. The thermal annealing of the samples was carried out in an 
atmosphere composed of 50% O2 and 50% Ar at 350oC (for flexible Kapton HN) and 400oC (for stiff 
substrates) for 4 and 8 h respectively. Since the maximum annealing temperature of Kapton HN substrates 
is 400oC, samples realized on flexible substrates were annealed at 350oC. 
The morphology of obtained structures were examined by means of scanning electron microscopy 
(SEM) using a LEO 1525 microscope equipped with field emission gun. XRD measurements were carried 
out for structural analysis. Room temperature photoluminescence (PL) technique was used to investigate 
the quality of zinc oxide samples. PL spectra were measured using a He–Cd laser as light source at 325 
nm. Spectra were acquired perpendicular to the sample surface using a single monochromator (Spectra 
Pro 300i) grating and a UV-enhancedPeltier cooled CCD camera (Acton). 
The chemical sensing characteristics of the nanostructures have been tested towards ethanol, acetone, 
carbon monoxide and nitrogen dioxide in the temperature range 100-500°C. 
3. Results and discussions 
Fig. 1 shows XRD pattern of the ZnO nanostructures obtained on Si substrates. The XRD observations 
have shown that after the post-growth annealing the structures were crystallized. Fig. 2(a-c) reports SEM 
images on alumina and flexible Kapton HN substrates. The high magnification SEM images have shown 
that structures are like chains consist of nanoparticles. The diameter of nanoparticles is in the range from 
the 20 to 110 nm and the length of chains more than 1 μm. The diameter of nanoparticles is tuned by 
varying anodization parameters. Fig. 3 shows the PL spectra of the samples prepared on silicon substrates 
at 20 and 40 V. Both samples showed typical ZnO spectrum with a broad band in the visible range, 
ascribed in literature to surface defects, and less intense excitonic peak at 381 nm. The sample anodized at 
40 V showed higher PL signal. 
 
 
Fig. 1. XRD pattern of ZnO nanostructures anodized at a) 20 V and b) 40 V and annealed at 400°C. 
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Fig. 2. SEM images of ZnO nanostructures (a) on alumina substrate before annealing, (b), and (c) on alumina and Kapton HN 
substrates after the annealing. 
 
The chemical sensing characteristics of the n-type ZnO nanostructures have been tested towards 
ethanol, acetone, carbon monoxide and nitrogen dioxide in the temperature range 100-500°C. Fig. 4 
reports the response of ZnO structures towards carbon monoxide (100-300-500 ppm) and acetone (25-50-
100ppm) at 500°C. The plot showed high response and almost complete recovery of the signal. 
 
 
 
Fig. 3. PL spectra of ZnO nanostructures anodized at a) 20 V and b) 40 V and annealed at 400°C. 
 
 
 
Fig. 4. Current variation of ZnO nanostructures at a working temperature of 500°C as concentration pulses of carbon monoxide and 
acetone are introduced in the test chamber (RH40%@20°C). 
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4. Conclusion 
ZnO nanostructures were successfully obtained by electrochemical anodization on stiff and Kapton 
HN flexible substrates. From the SEM investigations, it becomes evident that structures are composed by 
nanoparticles forming elongated aggregates with chain-like morphology. The length of chains is more 
than 1 μm and the diameter of nanoparticles is from 20 to 110 nm. Anodization was carried out at room 
temperature, then samples were crystallised by post-growth annealing. PL spectra of the prepared 
structures showed typical ZnO spectrum: peaks intensity varies as a function of preparation condition, but 
the ratio of UV to visible peak remains unchanged. Investigations of chemical sensing characteristics 
show that obtained chain-like ZnO nanostructures are interesting structures for chemical sensing. The 
preliminary results also show that the low temperature processes allow the use of different type of 
transducers, even flexible ones. 
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